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"We, Francis David Corbin, of 181, 
Tyrfran, Llanelly, in the County of Car- 
marthen, a British subject, The 
Llanelly Foundry and Engineering 

* * 5 Company, Limited, of Sandy, Llanelly, 

in the County of Carmarthen, and 
Richard Nevill and Company, Limited, 
Wera Iron Works, Llanelly, in the 
County of Carmarthen, both British com- 

* 10 panies, do hereby declare the nature of 

this invention to be as follows : — 

This invention relates to the manu- 
facture of rolls for rolling metals. 

The object of this invention is to pro- 

16 vide metal rolls having higher physical 
properties than the chilled iron rolls at 
present in general use. 

According to the present invention we 
provide a process of making rolls in case- . 

20 hardened alloy steels whereby the case- 
hardened portion of the rolls may have a 
hard " martensitic " or " troostitic V- 
structure and the remaining portion a 
soft " pearlitic n or allied structure, both 
i 25 structures being obtained with the same 
fc ' slow rate of cooling from high tempera r 
tures. To this end, certain elements, 
such, for example, as nickel or man- 
ganese, are introduced into the steel, and 

30 which, in the presence of sufficient cor- 
4 " bon, tend to retain the metal in the hard 
martensitic or troostitic condition, after 
a rate of cooling so slow that a steel of 
the same carbon content, but without said 

35 elements, would have passed into the 
relatively soft pearlitic condition. In 
these alloys the effect of carbon on this 
tendency, for a given proportion of the 
special element or elements, is cumula- 
.40 tive, that is, a suitably chosen alloy will 
be pearlitic, soft and tough, with a low 
percentage of carbon, but troostitic or 
martensitic, and very hard, with a high 
percentage of carbon on being cooled 

45 slowly in both cases. 

. Having selected the constituents for 



the steel alloy which will give, for each 
individual case, suitable physical charac- 
teristics in the core of the roll with a 
low percentage of carbon, and a suitable 50 
hardness on the working face with a high 
percentage of carbon, we then make the 
roll of a low carbon content alloy, and 
adjust the amount of the special element ;T; 
or elements and also the percentage of 55 
carbon introduced into the case, as 
governed by the temperature of case- 
hardening, so as to give, on slow cooling, 
a pearlitic core and a martensitic or j. 
troostitic case — as may be required, thu6 60 
attaining maximum 'hardness for the 
latter without the necessity for reducing 
the temperature of the roll from high 
temperatures in water or other liquid, 
with all. the risks attendant on this 65 
procedure; 

"Of the elements, which may be usenilly 
' employed for alloying in the process man- 
ganese, vanadium, tungsten, chromium 
and molybdenum, favour the absorption 70 
of carbon by solid steel during case- 
hardening, while nickel tends to hinder 
it. Thus if nickel is used one or more of 
the first mentioned elements should be 
used with it to counteract this tendency, 75 
while this addition of a further special 
element or elements can generally also, 
by careful choice, be made to enhance 
generally the qualities of the resultant 
alloy. Nickel and chromium, for example 80 
form a very suitable combination for 
many purposes. 

By way of example we will describe our 
process for the making of a roll in a . 
nickel-chrome steel alloy. For hardness 86 
without unnecessary brittleness, the case 
should be at, or slightly above, the 
eutectoid composition, say, 1.0 per cent, 
carbon. For normal cooling in air, with 
1.0 per cent, carbon, 5.0 per cent, nickel 90 
will give a martensitic structure, but 
with carbon contents below 0.80 per cent, 
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the structure will be pearlitio. For a 
nickel content of 5.0 per cent., 1.0 per 
cent, of chromium xvill be sufficient to 
ensure carbon-absorbing properties, and 
* will give a harder case without unduly 
. • increasing brittleness while, further, the 
structure will not coarsen under heat 
treatment in the presence of so much 
■ - nickel This percentage of chromium will 
*u not appreciably affect thermal critical 
points etc., and its presence may be 
ignored in calculations. 

<i ast . or {oT X* the roll in a steel of 
tne following composition 

15 Ni Cr. „ C. ... _ . 

5T* "1.0* JL2Q 

.(or less)... 

The roll is then well annealed at a tern- 
perature. of -approximately 750° C, the 
2ft " Ac \i * her *"4 critical point for this com- 
Position being approximately 700° C 
Thereafter the roll, is allowed to cool to 
room temperature and then machined, the 
body being brought to a smooth finish 
and left- say, .015" overall full to final 
size After machining, the roll is 
hardened m a box having removable ends, 
or other device, to allow of its rapid 
removal whilst hot. . 

Qn tYn*^ a h * rden >£ mixture consisting 
tJO ot 50 per cent, oak, or beech, charcoaland 
4U per cent, barium carbonate, a tem- 
perature of 900° C. will give approxi: 



mately 1.0 per cent, carbon in the case, 
the time taken obviously varying with 
the depth of case required and being 35 
easily determined. At the conclusion of 
the hardening process, the grain-structure 
16 refined by allowing the roll to cool 
down in its hardening box to below the 
thermal critical point of the case where- 40 
after it is re-heated to approximately 50° 
(X above said point. After removal from 
the furnace, the roll is stripped, and. 
allowed to cool in air. Where an 
exceptionally tough core is required the i6 
refining process may be doubled, that is - 
*° ^3>the roll, after its preliminary. 
cooling irom the hardening temperature, 
mav be first, reheated up to, and furnace- 
cooled from just above the critical range 60 
of the core, then re-heated up to just 
above the critical point of the case, and 
cooled in mrr - 

After cooling, the roll is finally ground 
to size and polished, the machining 55 
allowance given above being sufficient 
for the removal of any slight denar- 
burised " bark " (that is, the extremely 
thin skin of metal which is robbed of its 
carbon by oxidation). 60 

Dated the 7th day of July, 1926. 

For the Applicants, 
STANLEY, POPPLEWELL & Co., 

Chartered Patent Agents, 
88, Chancery Lane, London, W.C, 2. 65 
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We Francis David Cobbin, a British 
subject, of 181, Tyrfran, Llanelly, in the 
County of Carmarthen, The Llanelly 

JfOTJFDIt* AND EtfGlNEBlUNG COMPANY 

70 Limited, of Sandy, Llanelly, jn the 
• • County of Carmarthen, and Richahjd 
^evill and Company, Limited, Wern 
Iron Works, Llanelly, in the County of 
Carmarthen, both British companies, do 

75 hereby declare the nature of this inven- 
turn and in what manner the same is 
to. be performed, to be particularly de- 
scribed and ascertained in and by the 
following statement : — 

80 This invention relates to improved rolls 
. for rolling metals. 

Quenched rolls have the disadvantage 
that enormous internal stresses are 
generated on .quenching, while hair- 

85 cracks and similar surface flaws are liable 
^develop in* the working surface, these 
defects causing " spawls " during the 
working of the roll. In chilled cast iron 



rolls which are brittle and have poor 
mechanical strength throughout, the 90 
chilled iron rim or " chill has a rate 
of expansion under heat which is twice 
that of the grey iron core, so that enor- 
mous internal stresses are set up on 
increase of temperature. Great internal 95 
stresses are also set up when the roll is 
c^t, owing to the rapid cooling of the 
roll body, and, moreover, when the chill 
is worn out it cannot be renewed. A 
further common disadvantage of 100 
quenched and chilled rolls is the diffi- 
culty in manufacturing them for rolling 
complicated sections. 

The object of this invention is to 
obviate these disadvantages and to pro- 105 
vide rolls for rolling metals having 
higher physical properties than the rolls 
at present in general use and which may 
be manufactured in complicated .shapes" 
r, .£ as .Previously been proposed., in iin 
Specification No. 23,331/04 : to manufac- 
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ture case-hardened articles having mar- 
tensitic cases and pearlitic cores of 
chrome-nickel steel without subsequent 
hardening by quenching, but without 
5 further directions, which have not been 
disclosed, it would not be possible to 
manufacture in this manner rolls suit- 
able for rolling metals. 
In tbe case of rolls it, would be pos- 
10 sible, by carbonizing at <a temperature 
which, though suitable for normal case- 
hardening (including quenching) would 
be too low for our purpose, to introduce 
into the case a percentage of carbon less 
15 than that necessary to retain the metal in 
the solid solution condition on slow 
cooling, and thus a martensitic, 
troostitic, cementitic or allied structure 
would not be obtained. 
20 It is necessary, therefore, to so regu- 
late the temperature of carburizing (in 
accordance with normal case-carburizing 
practice) that the fully carburized zone 
shall contain a certain definite proportion 
25 of carbon which will bear a calculated 
relationship with the other constituents of 
the metal. 

The accompanying drawings show the 
structure obtained on normal slow cool- 
30 ing with various proportions of carbon 
and of the alloying element used in each 
case. Thus in the case of nickel steel, 
Fig. 1, a material containing 5.00% 
nickel and 0.20% carbon is represented 
35 by the point X, and will obviously give 
a pearlitic structure on slow cooling. 
Whereas, with 1.00% carbon, the mate- 
rial, is represented by the point T, and 
will be martensitic on 6low cooling. If 
40 however, the carbon is raised above 
1.35% the point representing the mate- 
rial will move over the line A C to Z, and 
the structure will be austenitic. For rolls 
this must be avoided, and in order to 
45 manufacture a satisfactory roll it will 
be necessary to carburize this material in 
such a manner that the point represent- 
ing the fully carburized material will lie 
between the lines A B and A C i.e., for 
50 5% nickel the carbon must be between 
approximately 0.80% and 1.35%. In 
practice it its advisable not to work too 
near these limits and the carbon should 
be, say,, between 0.95% and 1.2%. 
66 Referring to Fig.. 2, a steel contain^ 
ing, for example, 3.5% manganese and a 
low percentage of carbon, say 0.20% is 
represented by the point X, and will give 
a pearlitic structure on slow cooling, 
(30 whereas with 1.0% carbon the material is 
represented by the point T, and will be 
martensitic on slow cooling. If, however, 
the carbon is raised above 1.18%, the 
point representing the material will move 
65 over the line A C to Z and the structure 



will be austenitic. Thus, the percentage 
of carbon in the carburized zone of a 
3.5% manganese steel roll must lie 
between the points at which the lines 
A B and A C cut the 3.5% manganese 70 
line, i.e. between approximately 0.65% 
and 1.18%. In practice the figure should 
be well away from either extreme, and 
a suitable amount would be approxi- 
mately 1.0%. The proportion of carbon 75 
required in the carburized zone may be 
ascertained in like manner for any other 
suitable percentage of manganese. 

A steel containing, for example, 0.75% 
vanadium and 0.20% carbon is repre- 80 
sented by the point J, Fig. 3, and will 
be pearntic on slow cooling, whereas with 
any amount of carbon in excess of 
0.45% (this being the amount represented 

Y *n e poin{ at wll ich the line A B cut* 85 
the 0.75% vanadium line) the .material 
will be cementitic on slow cooling ; that 

is to say, an appreciable proportion of the 
carbon will be in the form of free car- 
bide crystals embedded in the otherwise 00 
martensitic structure. 

Thus, the percentage of carbon in the 
carburized zone of a 0.75% vanadium 
steel roll must exceed 0.45%. The point 

Y represents 1.0% . carbon, and, in prao 96 
tice, this would be a convenient figure. 

The minimum carbon content for the 
carburized zone of a vanadium steel roll 
may be ascertained in a like manner for 
any other suitable percentage of 100 
vanadium. 

Similarly in the case of a molybdenum 
steel roll see Fig. 4, the steel must be 
carburized so that the carburized zone 
contains not. less than that proportion of 105 
carbon indicated by the point at which 
the line A B cuts the line representing 
the molybdenum content of the steel 
being used. 

For .a, 1.25% molybdenum steel, for 110 
example, the carburized zone must con- 
tain more than 0.82% carbon (in practice 
1.00% would be a convenient figure) and 
the working face thus obtained would be 
cementitic in structure, as in the case of 115 
vanadium steel. 

Keferring to Fig. 5, in the case of a 
tungsten steel roll,, the steel must be 
carburized. so that the carburized zone 
contains not less than that proportion of 120 
caTbon indicated by the point at which 
the line A B cuts the line representing 
tb£ tungsten content of the steel being 
used. For a 4.00% tungsten steel, the 
carburized zone must contain more than 126 
0.975% carbon. In practice, 1.20% to 
1.25% would be a convenient figure and 
the working face thus obtained would be 
cementitic in structure. 

In the case of chromium, as shown by 130 
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Kg. 6, by carburizing an initially soft 
material it is possible to obtain either a 
martensitic structure or, if sufficient 
carbon and chromium he present in the 
carburized zone, a cementitic structure as 
defined for vanadium steels.. While both 
structures are-^subject to the mechanical 
•properties of the material — suitable for 
the working faces of rolls, the latter is 
sometimes preferable where extreme 
hardness or resistance to the softening 
action of high working temperatures, or 
both, are required. Thus a steel contain- 
ing 7.00% of. chromium and 0.20% of 
carbon is represented by the point X, 
and will be pearlitic on slow cooling, 
whereas, when carburized so as to con- 
tain more than the amount of carbon 
represented by the point at which the 
line C D cuts the 7.00% chromium line, 
i.e. 1.3%, the steel will be cementitic on 
slow cooling. In practice, this limit 
would be appreciably exceeded, and 
1.4% would be a suitable figure, this 
being represented by the point Y. 

When two (or even more) alloying 
elements are present in a steel, it is pos- 
sible to use the diagram of any one of 
these. As it is not possible to show three 
variables (e.g. nickel, chromium, and 
carbon) and a resultant structure on a 
plane diagram, it is necessary to ascer- 
tain the equivalent value of one of the 
alloying elements in promoting^ a 
hardened structure— whether martensitic 
or cementitic — as compared with the 
other. Then, by reducing the percentage 
"actually being used of the one to terms 
of the other, and adding the figure so 
obtained to the actual percentage of the 
other, a joint figure is obtained which 
is \ised as the special element (i.e. the 
upright) co-ordinate on the diagram of 
the said other element in ascertaining by 
means of this diagram the amount of 
inarbon which will be -required in the 
carburized zone. 

The obtaining of this " equivalent 
value " of any one element in terms of 
any other element is a simple mathemati- 
cal process. For example, in the case of 
a nickel chromium 6teel, take any con- 
venient carbon figure, say 0.80% on both 
nickel and chromium diagrams. By 
reference to the latter, Figs. 1 and 2, it 
is seen that 0.80% carbon requires a 
minimum of 6.0% nickel to obtain a 
jnartensitic structure with slow cooling, 
whereas the chromium diagram shows 
that 4.2% chromium gives the 6ame 
result. 

As the line A B meets the carbon line 
at the same point (1.6%) in both dia- 
grams, the nickel /ohromium equivalency 
relationship may^ be . expressed by a 
simple multiplication factor 



i.e. Equivalent in nickel 

, 5.0 
= Chromium % x ^ 

= Chromium % x 1.2. 



" Thus, in the case of a steel containing 
5.00% nickel and, 0.80% chromium, the 
" nickel equivalent " of the latter 
element is:— 0:80 x 1.2=0.96%. The 
nickel diagram (Fig. 1) may therefore be 
used, reading the nickel percentage as 
5.00 + 0.90 = 5.96%. The minimum car- 
bon content required in the carburized 
zone would therefore, by consulting the 
diagram, be 0.67%, but as nickel only 
tends to produce the austentic structure, 
5.00% only must be taken as the co : 
"ordinate in observing the maximum per- 
missible carbon content, i.e. that at which 
5.00% nickel line is cut by the line A C. 
This is 1.35% carbon, and therefore the. 
carburized zone must contain between 
0,67% and 1.35% carbon. In practice, 
1.00% would be a convenient figure. 
♦ According to the present invention, 
therefore we provide a roll for rolling 
metak, made in case-hardened alloy steel 
and having its case-hardened portion of 
a hard martensitic, troostitic, cementitic 
or allied structure, and the remaining 
portion of a soft pearlitic or allied struc- 
ture, both structures being obtained with 
the same slow rate of cooling of the roll 
from high temperatures, the proportion 
of carbon contained in the fully carbu- 
rized zone being regulated so that the 
relative proportions of carbon and of 
the alloying element or elements are 
such that for any given percentage of said 
element- or elements the percentage of 
carbon shall be sufficiently high, on the 
one hand, to ensure that the carburized 
zone shall remain in the martensitic, 
troostitic, cementitic or allied condition 
even after slow cooling, and, on the other 
hand, sufficiently low, to ensure that 
when using nickel or manganese this zone 
shall not be in the austenitic condition. 
The regulation of the amount of carbon 
contained in the fully carburized zone is 
effected by regulating the temperature of 
carburizing in accordance with normal 
case carburizing practice. 

Having selected the constituents for 
the steel alloy which will give, for each 
individual case, suitable physical char- 
acteristics in the core of the roll 
with a low percentage of carton, and suit* 
able physical characteristics combined 
with great hardness on the working face 
with a high percentage of carbon, we 
then make the roll of an alloy containing 
a low percentage of carbon and such 
amounts of the other constituents as will 
give, on slow cooling, with this low per- 
centage of carbon, a pearlitic or allied 
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structure, and with a suitable high per- 
centage of carbon, to be obtained in the 
case by case-carburizing, a martensitic, 
troostitic, cementitic ox allied structure, 
as may be required, thus attaining maxi- 
mum hardness for the case without the 
necessity for reducing the temperature of 
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the roll from high temperatures in water 
or other liquid, with all the risks 
attendant on this procedure. 

Examples of suitable amounts of 
various alloying elements, with the 
amounts of carbon required in the car- 
fa urized zone in eaoh case, are : — 



-5% 

:» 
: 'it 

-3.5 % 



By the term " allied " as applied to 
pearlitic structure is meant a structure 
in which all, or a preponderating pro- 
portion, of the carbon present has come 
26 out of 6olid solution during the cooling 
of the metal, although the cementitic 
constituent of the pearlite instead of 
being lamellar in form might be 
globular or finely diffused. cc Allied " 
30 as applied to martensitic and troostitic 
structures indicates a structure in which 
all, or a preponderating proportion, of 
the carbon present has remained in solid 
solution after cooling down to normal air 
36 temperatures, and, in the case of a 
cementitic structure, indicates a structure 
in which some of the carbon has assumed 
the form of free particles of carbide 
embedded in the remainder of the 
40 material, wherein all, or a preponderat- 
ing proportion, of the rest of the carbon 
has remained in solid solution. 
, Of the elements which may be usefully 
employed for alloying in the process, 
45 manganese, vanadium, tungsten, 
chromium % and molybdenum, favour the 
absorption of carbon by solid steel during 
case-hardening, while nickel tends to 
hinder it if solid case-hardening cements 
50 are used. Thus, if nickel is used in con- 
junction with a solid cement (that is^ the 
solid carburizing material in which the 
roll is packed), one or more of the first 
mentioned elements should be used with 
55 it to counteract this tendency, while this 
addition of a further one or more of the 
above mentioned elements can generally 
also by careful choice, be made to 
enhance the general qualities of the 
60 resultant alloy. Nickel and chromium, 
for example, form a very suitable com- 
bination for many purposes. 

By way of example, we will describe 
our process for the making of a roll for 
45 cold rolling of metals, in a nickel-chrome 
steel. For hardness without unnecessary 
brittlencss, the case should be at, or 
- slightly above, the eutectoid composition, 
say 1.0% carbon. Reference to Fig l' 
no 8lo 72 thft t approximately 6.0% of nickel 
will be a suitable amount, since, with 



Carbon- .9 to 1.25% 
„ 1.4 % 
„ 1.25% 
„ 1.0 % 

„ i.o % 

.9 to 1.1% 

1.0% of carbon, the structure will be 
martensitic, whereas with a low percent- 
age of carbon, such as 0.20%, the struc- 
ture will be pearlitic. As mentioned pre- 
viously, it will T>e advisable to have a 
certain amount of chromium in the steel 
to facilitate the absorption of carbon dur- 
ing case carburizing, and in the case of 
•a roll a nickel /nickel-equivalent-of -chro- 
mium ratio oi 5:1 will give suitable 
mechanical properties, while this amount 
of chromium will be sufficient to ensure 
ready carbon absorption when using solid 
case carburizing cements. Bearing in 
mind the nickel-chromium " equivalency 
ratio " previously described, a suitable 
composition would be 

Nickel 5.0% Chromium 0.8% 

the " nickel equivalent 9 i of this being 

5.0 + (0.8xl.2)=6.96%. 
i.e. approximately 6%. 

We, therefore, cast or forge the roll in 
ft steel containing approximately 
Ni Or. C. * „ 
5.0% O80% "O20%* ' The ro11 18 then 
well annealed at a temperature of 
approximately 750° C f , the Act thermal 
critical point for this composition 
being approximately 700° C. the roll is 
then allowed to cool to room temperature 
and then machined, the body being 
brought to a smooth finish and left, say, 
.015'' overall full to final size. After 
machining, the roll is case carburized in 
a box having removable ends, sides or 
top, to allow of its rapid removal whilst 
hot. 

With a carburizing mixture consisting 
of 60 per cent, oak, or beech, charcoal 
and 40 per cent, barhfm carbonate, a 
temperature of 900° C. will give approxi- 
mately 1.0 per cent, carbon in the case 
for this composition, the time taken 
obviously varying with the depth of case 
required and being easily determined. At 
the conclusion of the carburizing pro- 
cedure, the grain structure of the core 
may be refined by allowing the roll to 
cool down in its carburizing box to well 
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below the thermal critical range of the 
core material, whereafter it is reheated 
to 840° C, and after being kept at this 
temperature for 5 hours lor a roll -20 
inches in diameter and pro rata, the roll 
in its box. is removed from the furnace. 
On removal from the furnace, the roll 
is stripped, and allowed to cool in air. 
Where an exceptionally, tough, core is 
required the refining process may bje 
doubled, that is to say, the roll after its 
preliminary cooling from the case- 
hardening temperature may be .first re- 
heated up to, and f urnnctf; cooled from, 
above the critical- range of the core, then 
rc-heated -up to just below the said 
-critical range and cooled in air. 
- When no grain structure refining pro- 
cedure is utilized, the roll will be 
removed from the furnace at the lowest 
temperature from which air cooling will 
give the required degree of hardness in 
the case.' 

After cooling, the roll is finally ground 
to size and polished, the machining 
"allowance given above being . sufficient 
for the removal of . any slight decarbu- 
rized . " bark " (that is, the extremely 
thin skin of metal which is robbed of 
its. carbon by oxidation during the final 
cooling down in air). . . 

It should be noted that when the final 
cooling of the roll in air is for any 
reason undesirable, or when either, 
extreme hardness on the working face of 
the roll is unnecessary or a composition 
may be used which, with the amount of 
carbon to be introduced by case-harden- 
ing in the particular instance, will be so 
far removed from the structure-transition 
range as to ensure that, even on very slow 
cooling, the case structure will remain 
in the required hard condition, the final 



cooling of the roll may take place in the 
qarburizing box either in or" out of the 
furnace and not in air. In this case, the 
case-hardening material packed around 
the roll in the carburizing box is not 
disturbed. 

Having now particularly described 
and ascertained the nature of our 6aid 
invention -and in what -manner the same 
is to be performed, we declare that what 
we claim is : — 

1. A roll for rolling, metals, % made in 
case-hardened alloy steel and having its 
case-hardened portion of - a hard marten- 
sitic, troostitio, cementitic or allied 
structure, and the remaining portion of 
a soft pearlitic or allied structure, both 
structures beinfj obtained with the same 
slow rate of cooling of the roll from high 
temperatures, the proportion of carbon 
contained in the fully carburized zone 
being regulated so that the relative pro- 
portions of carbon and of the alloying 
element or elements are such that for 
any given percentage of said element or 
elements, the percentage of carbon shall 
be sufficiently high, on the one hand, to 
ensure that the carburized sone shall 
remain in the martensitic, troostitic, 
cementitic or allied condition even after 
slow cooling, and, on the other hand, 
sufficiently low, to ensure that when 
using nickel or manganese this zone shall 
not be in the austenitic condition, sub- 
stantially as described. 

2. A roll as claimed in Claim 1, made 
in a low carbon content alloy containing 
one of the elements nickel, * chromium, 
tungsten, molybdenum, vanadium and 
manganese, the proportion of each 
element- and of carbon required in the 
carburized zone in each case being 
approximately as follows: — 



Nickel - 

Chromium 

Tungsten - 

Molybdenum 

Vanadium 

Manganese 



-.5% 

- 4% 

- 1.25% 

- -75% 

- 3.5 % 



Carbon 



.9 to 
1.4 % 
1.25% 
1-0 % 
1-0 % 

.9 to 1 



1.25%. 
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105 



3. A roll for rolling metals, made in 
alloy steel and containing approximately 
Ki. Cr. C. 

5.0% • (T80^ "0TW 
said roll being annealed, allowed to cool 
and machined to ; a smooth finish, then 
case-hardened as claimed in Claim 1 so 
as to give approximately 1% of carbon in 
the case, allowed to cool in the case-car- 
burizing box to ° below ' the thermal 
critical Tange of the core, re-heated to 
840° C.,' removed from the furnace, and 
allowed to «f«*l, and (if desired) ground 
and poli6h.BC^f •* *■ 
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•4. A modification of the roll claimed 
in Claim 3y having an exceptionally 
tough core, said roll being re-heated after 
its preliminary cooling from the case- 
carburizing temperature, up to, and fur- 
nace-cooled from, above the critical range 
of the core, and then re-heated up to just 
below the said critical range and cooled. 

Dated this 6th day of May,- 1927. 

For the Applicants, 
STANLEY," POPPLEWELL & Co., : - 
Chartered Patent Agents,. 
' 88, Chancery Lane, London, "W\C. 2. . 
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